Dr. Norton z’.ﬂd’r
Rookefeller Institute
66th Street and York ive.
¥ew York 4., N.Y,

Dear Horiont

This i an answer to yours of thz 2lsi, whioh oaly Just arrived. The
Ohriastmae disorganisation of the malls, and my owa £1504 of letters to
you {Dec. 1i, Dec. 24, and postoard) Ls likely to wpreck orderly comauni-
cation betwesn us. I am anwwering Lwmediately, hoplag you will get this
before you have had to answer aino of the 24th, so that ws can go back

iggngn orderly progrsession. I »momise not to burden you with any avre untdl

T huve had your reply to %his one.

I an sorry 12 you feel you ars in an amkward position ra Brucs. It slap-
1y Ulustratss the problam of a 3-way collaborationy I could imagiae other
unfortunate incidents that would be mueh worse if we folit that matusil clearance
waes necessery hefora A sven talked to B, The suggesiion that Bruce assuase
eols authorship was only 5 trlal bulloon, in the hops that it alght sisplifily
his oroblem of ambhorship, Tine ls zetting on, and thils puper should have been
in prosa wsll before nowm, Your intuarsst in the matter is in no danger, and
not evan any teatetive zcbion would bo taltea befors consulting you. Someone
had to spsak to scmaone first, If you foel diffzreatly about how this paper
should be writian, you ased havs o soharrassacut sbout it. Although we must
all have = part in it, the declsion (in my opinion) is preealnently Bruce's.
Had mwe baan in closer communicntion ourselvas, you would have heard about
4% soonsr. 8till I am personally regretful If you have felc any trouble about
this, but am sure there has been uo irreparable domage. I still feel that a
3-nay authorship 11 too comploxy If you want % work ocut a dual authorship
with Bruce, 1t is 6l) right with =a6. T have nu odjection to the use of wy
"backcross” data on the i#led transduction if Bruce refards ghem s sssential
to the present purpose,

To turn %o & more sclentific question, the *backorceses” dié not reguire
additional pheges. FPortunately, many of the transductions in this systea are
still mensitive to the transducing phuge, so that it was possible to use PLT22B
again, after sensitive vrogeny wers discoversd in eash combination.

T don't quite follow your reservation about Pla- allelism? Do you msan that
two non-motile stocks each carrying the sarwe Pla~ might each carry sodifiers
that restore motility to any other ncn-mctdlc stzck? This would be equivalent

. to suggesting that asch mon-motile 18 besed on a unique constellation of fastors,

the replecensat of any ore of which restores motility. I suppose that this is
86111 a forml possidility which could be verfiled cnly 1f we could select sssily
for Fla~ —x Fla+, Por e more complets analpsis, 1t would bs hetter to work with
& growp of wutants all derived, presumebly by single mutational steps, froa the
sems wild type atrsin, However, I do not think this affects the valldity of
alleliam teats. It might slter the interpretation of "Flay-"$ on the simplest
version, the genstis kgrounds of the different O ztucks are more or less the
same; to make it more complicated, Fla - aight give flagella in the residual geno-



typs Y, but not in X, Still for A—x B to give a new fora (motile), they
must carry at least one non-ullelis factor, and this is tacitly named ?h.h-.
although, as you say, there aight be more than one Fla, factor. Xxpressed
this way, your notion parsllels the now rejected hypoeguh to explain

the nLnl & linkage by two alternative, non-linked factors.

I is fairly lUcely, from whad your letter reports, that your variant
dif?ers somewhat from my 22V. It produces perfestly clear plagues (latsr some
granularity) on LT-2, I wasa't sure what you msant by recovery of infeotive
centers in the third sentenee of thés paragraph. Do you mean that bacteria
recover to give colonies, Polssfon referring ¢p the caloulated fasction of
altiply infected bacteria, or Ahat they give plaquesf, (Poisson referring
to calculated ratic of infecting particles to infective ceaters}? I just
oculdn't understand your last two sgnil¥nces {n this paragraph at all, can you?
Pyohimur lum zrows mora rapidly thorn what?

Our UV conditions must hawe basn differents T us=d undiluted broth lysides,
and mnst have had a sufficlently thick lgy=r to have had considerabls xs¥fx
aBsopption by the broth. Subsaquent runs hava glven staaper ¥illing curves
in 1iluted brotl. The main point fs not the absolute dosages compariscas, but
the survival of TA when phaga (plaques) hss besen greatly reduced, so thut phage
eould he thus separatsd artificially from transduction, I have not done the
complate curve; ospeziallyg as the distinetion of 1~ and 2-hit 1s nretty delicate,
Did you 0ot carry your Irradlsticns to higher logss? With the high dosas, it s
almwost impossihle to avold multiple infaction in the asseys (calonlated on the
hasis of total particles of phage). Homever, Idddid got linear dilution res-
pense, and eould not find any 41ffsrancs 3s betwean celoulated emltiplicities
of shout 1 amd 10. 3til1, the surviving plaques might represent some of the
aultinly infec Lo’ canters. though thare should heve bean 2 smbstantial increase
nith 10 a3 compared 4o 1. The main point i3 that transductlions and plagues
could he countad on the dame plate, and ths foimer ware non-lysoganie.

A hrilliant (?) experiment that dida’twork: UV'd PLT22 does not protect
against 2. (I had thought thers might be recombination bHetwasn inactivated
PLT22 and active 22V, protecting azalast the latter, and inducing lysogenicity.
This mizht than have baen a model for lyasocenization in ganeral.i

Transduotion fresqueasy of 1:50,000 should make it possidle to test
dusl transductions for independence, though you may still have %0 use a selec-
tive satup (dizumotrophs). is not entirely uninteresting. If you find
the ratio of duals/singles to be 1:200,000 instead of 1:50,000 you eoukti argue
rather reasonably that the nucleus, not thse call is the unit of transduction,

We have ths same unpromising experiencs with lwoffing LT22 ond LT2(2R2).
M-466 or 543 Anfacted with HL.T-228 works much bstter, but this phage has
a low eop and transductive affisisncy bask on typhimariua.

I 444 undarstand your delay axperimen® this time (hallelnjial). The reslt
seoms vary noat, but nernlexing? I don't think you can correlate the tracks
with this: thay reprassnt the ahortive transductions. and mmeh of the persis-
tence any well ha puraly phenotyple. We don't know anything about delay or
segragation 1n'ths 1aitintion n? swarma. "y shonld thara Ha 2 difference
in lag? X ean ¢ nnderstand vour Yyl result at all., Aren't your Xyle's jgrowing ?
It looks ez 1f-thass had not bean transindnesd initislly at A1, but why
such a high £inal count? What do you maka of it.



I don't eavy you the momplexities of your virulence problem. There must be

a number of ways to do the statistical analysis of heterogeneity. One, probably
inefficient, would be to cut your popglation arbitrarily in half, and compare
the sum of the variances of your two halves with the whole. When you say you
suspect bimodality, you are suggesting only that the sample is more highly
dispersed than you would have expected, but I cannot see any standard variance
that you could use to justify your expectation. What you can do, however, is

to assume that you have two populations, centered at the two modes, and propor-
tional to the square (?) of the modal values. You can then show that you can
fit your data to the sum of these two populations with a much lower variance
than to the whole. I don't think there is any way of showing that your sasples
are taken from an anormally dhbribt}ted population, except perhaps by comparing
moments of successive orders. I don ¢ know the significance tests for this,
but Fisher has worked them out. Have you entirely exhausted the possibilities
of an in vitro systea? jmex How about mouse-serum (! sic) broth, considering
serums from normal as well as challenged animals? Your job is to make a testtube
a mouse.

This letter is written on the plan of your own, but I think needs no P.S.,
after the deluge of this and mine of the 24ith.

'1';‘0113

| e R N

Ji?élua Lederberg

P.S. I did slip. Columbia College Fund has, asked me to be a local "chairman',
1.6., to make phons calls to local alumni to remind them of their respomsibi-
lities to the Fund. They still have your name lésted locally. I1'll have this
corrected, but msanwhile will discharge my task by this senftence.

PPS. Do you think it would be appropriate for you to act as a sort of courier
in distributing reprints to your colleagues at Rockefeller? I thought it
might give you an excuse to communicate with them (or is this not such a
probleam)! It would be a favor to me, but if dropping the papers into mail-
boxes or what not would inconvenience you, or seea at all undignified in

the local contexts, please say noo This remark does not, of course, apply
to your paper.



